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infection. Upon follow-up, the 2-month data showed a remark-Occult infection of old nonfunctioning arteriovenous grafts:
able improvement in the following parameters: weekly erythro-A novel cause of erythropoietin resistance and chronic inflam-
poietin dose/hematocrit ratio from 622 137 to 254 28 (Pmation in hemodialysis patients.
0.05), plasma ferritin values from 690  126 ng/mL to 247 Background. Occult infection of old nonfunctioning arterio-
venous grafts (AVGs) is frequent among hemodialysis patients. 42 ng/mL (P  0.01), and plasma CRP from 56.7  9.0 to
It is a recognized cause of bacteremia and other infectious com- 14.5 3.8 mg/L (P 0.01). Serum albumin values also improved
plications. Additionally, old nonfunctioning AVGs may be har- from 3.07  0.08 g/dL to 3.34  0.14 g/dL (P  0.13). Percent
bingers of other noninfectious complications. The aim of this plasma iron saturation did not appreciably differ from baseline
study was to investigate whether occult infection of old non- (20.5%  4.4% to 19.8  1.9%, P  0.89).
functioning AVGs is a cause of a chronic inflammatory state in Conclusions. Occult infection of old nonfunctioning AVG
hemodialysis patients. is a common cause of erythropoietin resistance and chronic
Methods. This study was performed in two phases: In the inflammatory state among hemodialysis patients. Resection of
first phase (study 1), 22 patients with clinically proven occult old nonfunctioning AVGs with occult infection is associated
infection of old nonfunctioning AVG were identified, and data with resolution of markers of chronic inflammatory state.
on hemoglobin, weekly erythropoietin dose, and albumin levels
were collected retrospectively. Comparisons were made be-
tween values obtained pre- and post-AVG resection. In the sec-
ond phase (study 2), we examined whether the presence of a Arteriovenous graft (AVG)-related complications are
chronic inflammatory state is associated with occult AVG infec- an important source of morbidity among hemodialysis
tion in old nonfunctioning AVGs. Twenty hemodialysis pa-
patients. The most common complications of functioningtients were identified with chronic inflammatory state based on
AVGs include infections and recurrent thrombosis, whicherythropoietin dose (units/wk)/hematocrit ratio 470, serum
albumin3.3 g/dL, and CRP25 mg/L. Among these patients, lead to loss of AVG function. Typically, AVGs with ir-
we found eight with old nonfunctioning AVGs. We then per- recoverable function have a clotted lumen and are left
formed indium-labeled white blood cell (WBC) scans on the in the extremities of hemodialysis patients because ofeight patients to screen for occult infection of old nonfunction-
the widely held belief that they are largely innocuous.ing AVGs. The AVGs with positive indium scan were re-
Contrary to the above belief, we have recently recog-sected and cultured. Data on hematocrit, erythropoietin dosing,
serum albumin, ferritin, and CRP were obtained at 2 months nized that old nonfunctioning AVGs frequently harbor
following AVG resection and compared to pre-resection values. occult bacterial infection [1–4]. The latter is a risk factor
Results. In study 1, the 22 patients with occult infection of
for life-threatening bacteremia among hemodialysis pa-old nonfunctioning AVG exhibited profound anemia and hy-
tients [1–4]. Bacteremia carries a high risk of morbiditypoalbuminemia. Their mean hemoglobin was 9.2  1.2 g/dL
which improved to 11.6  0.8 g/dL (P  0.05) 3 months after and mortality from metastatic bacterial complications
AVG resection. Their mean serum albumin was 3.3 0.5 g/dL such as infectious endocarditis, septic arthritis, epidural
which improved to 3.8  0.2 g/dL (P  0.05) 3 months after
abscess, and osteomyelitis [reviewed in 4].AVG resection. Their mean erythropoietin dosages (units/pa-
In this article, we uncover additional untoward conse-tient/wk) fell from 14,240  350 to 6,675  455 (P  0.05). In
study 2, among the 8 patients with chronic inflammatory state quences of occult bacterial infection of old nonfunction-
and old nonfunctioning AVG, 6 (75%) had positive indium ing AVGs. We present data that link occult infection of
scans and underwent surgical resection that proved bacterial old nonfunctioning AVG to the occurrence of erythro-
poietin-resistant anemia, hypoalbuminemia, elevated se-
Key words: A-V graft, infection, anemia resistance, renal failure. rum ferritin, and elevated C-reactive protein (CRP) levels.
We therefore show that occult infection of old nonfunc- 2002 by the International Society of Nephrology
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tioning AVG is a cause of a chronic inflammatory state tients were followed prospectively for 2 months. Their
weekly erythropoietin dose/hematocrit ratio, serum al-among hemodialysis patients.
bumin, ferritin, iron saturation, and CRP values were
obtained at 2 months after AVG resection and compared
METHODS
with values obtained before AVG resection.
Study 1
Indium scanWe have previously reported a series of 13 hemodialy-
sis patients who had no physical signs of infection of We have previously described the technique of indium
scan and demonstrated its high degree of sensitivity andtheir old nonfunctioning AVGs, but infection was dem-
onstrated in these AVGs both by indium scan and by specificity in detecting occult AVG infection [1–3]. The
technique was conducted as follows: Autologous whitefollowing surgical resection [1]. Since then, and using
the same methods, we have identified 9 more patients blood cell (WBC) labeling was performed with indium-
111 oxide, using a modification of the technique de-with occult infection of their old nonfunctioning AVG,
and have expanded this series to 22 cases (abstract; Nas- scribed by Thakur et al [1, 5]. Anterior and posterior
whole-body images were obtained 24 hours after intrave-sar et al, J Am Soc Nephrol 12:298, 2001). In all these
patients, the old nonfunctioning AVGs were surgically nous injection of 500 mCi of indium-111-labeled leuko-
cytes that were suspended in autologous platelet-poorexcised, and antibiotics were administered against the
isolated bacterial pathogens. plasma. Images were acquired with a dual head, large
field-view gamma camera equipped with medium-energyTo determine if occult AVG infection is linked to a
state of chronic inflammation, we retrospectively re- parallel hole collimators, using a 20% window that is
centered over the 173- and 247-kiloelectron volt indiumviewed the charts of all 22 patients for the presence of
erythropoietin-resistant anemia and hypoalbuminemia photo peaks. Static images of anterior and posterior chest
and abdomen were acquired for 350,000 counts. Addi-prior to AVG resection. We then determined if resection
of these AVGs with occult infection is associated with tionally, 100,000-count static anterior images of the graft
site and the corresponding area in the opposite arm wereimprovement in erythropoietin responsiveness and se-
rum albumin levels. Hemoglobin levels, erythropoietin also acquired on a single-head gamma camera, using
a medium-energy collimator. A staff nuclear medicinedosages, and serum albumin were collected at 3 months
after AVG resection and compared with baseline values. physician interpreted all indium-111 WBC images. A
positive scan was identified if an abnormal area of in-
Study 2 creased activity was seen. A negative scan was reported
if no abnormal increase in activity was seen on the scan.Influenced by the positive findings of the above retro-
spective study, study 2 was designed. In study 2, an at-
Statistical analysistempt was carried out to determine if the presence of
chronic inflammatory state predicts occult infection of Data were expressed as mean  SEM. Comparisons
between values obtained at baseline and post-AVG re-old nonfunctioning AVG. Two hundred and twelve he-
modialysis patients from a single unit were screened for section were carried out using a two-tailed t test. A P
value of 0.05 was considered significant.the presence of chronic inflammatory state by the follow-
ing criteria: (1) erythropoietin resistance defined as
weekly erythropoietin dose/hematocrit ratio 470, (2)
RESULTS
serum albumin level 3.3 g/dL, (3) CRP 25 mg/L, and
Study 1(4) no known intercurrent infectious, inflammatory, or
neoplastic disease. Twenty hemodialysis patients were The 22 patients with occult infection of old nonfunc-
tioning AVG exhibited profound anemia and hypoal-thus identified with a chronic inflammatory state. Fifteen
of these patients had AVGs, of whom eight had old buminemia. Their mean hemoglobin was 9.2  1.2 g/dL,
and their mean albumin level was 3.3  0.5 g/dL.nonfunctioning AVGs. Indium scans were then per-
formed in all the eight patients with old nonfunctioning In these patients, resection of old nonfunctioning
AVGs was associated with a marked improvement inAVGs. Six of the eight scans demonstrated positive up-
take around the old nonfunctioning AVG. These six hemoglobin, erythropoietin responsiveness, and serum
albumin levels (Fig. 1). Two months following AVG re-AVGs with positive indium scan were subsequently re-
sected. Surgical resection demonstrated purulent mate- section, hemoglobin values improved from 9.2 1.2 g/dL
to 11.6 0.8 g/dL (P 0.05). This improvement in hemo-rial around the AVG that grew bacterial organisms in
all six cases. Patients were subsequently treated with globin was associated with a 53% reduction in mean
weekly erythropoietin dose (Fig. 1A). The mean erythro-antibiotics against the isolated bacterial pathogens.
To determine if resection of AVGs is associated with poietin dosages (units/patient/wk) fell from 14,240 350
to 6,675  455 (P  0.05). Plasma albumin levels im-improvement in markers of chronic inflammation, pa-
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Fig. 1. The results of study 1 are displayed.
Occult infection of old nonfunctioning AVG
is associated with profound anemia and hypo-
albuminemia. Erythropoietin responsiveness
and serum albumin show significant improve-
ment following AVG resection. Epo (dotted
line); Hgb (solid line).
proved from 3.3  0.5 g/dL to 3.8  0.2 gm/dL (P  Obviously, the presence of occult AVG infection is a
risk factor for acute local infection, as well as bacteremia.0.05) (Fig. 1B).
The consequences of bacteremia are devastating, and
Study 2 range from recurrent bacteremia to metastatic infectious
complications, and ultimately death [reviewed in 4].Of 20 patients judged to have chronic inflammatory
state, 8 had old nonfunctioning AVGs, and were sub- In addition to the above devastating complications,
our data demonstrate, for the first time, that occult AVGjected to indium scanning. Of these eight old nonfunc-
tioning AVGs, six (75%) had positive indium scans and infection is a cause of a chronic inflammatory state in he-
modialysis patients. Clinically, the development of chronicunderwent surgical resection. Purulent material was dis-
covered during surgery in all six cases, and bacterial inflammatory state is insidious in onset and very grave
in consequences. It is characterized by failure to thrive,cultures were obtained. Of these, five grew Staphylococ-
cus aureus, and one grew Staphylococcus epidermidis. weight loss, fatigue, and nonspecific constitutional symp-
toms. Biochemically, it is characterized by a constellationAll patients were successfully treated with appropriate
antibiotics following surgery. of abnormalities that include, but are not limited to, the
following: elevated serum ferritin, low serum albumin,On follow-up, the 2-month data showed a remarkable
erythropoietin-resistant anemia, and high CRP.improvement in the following parameters: weekly eryth-
In study 1, a retrospective analysis of data from pa-ropoietin dose/hematocrit ratio from 622 137 to 254
tients with proven occult AVG infection demonstrated28 (P 0.05), plasma ferritin values from 690 126 ng/mL
a high prevalence of profound anemia and hypoalbumi-to 247  42 ng/mL (P  0.01), and plasma CRP from
nemia prior to AVG resection. These patients had other-56.7 9.0 to 14.5 3.8 mg/L (P 0.01). Serum albumin
wise no known causes of anemia or hypoalbuminemia.values also improved from 3.07  0.08 g/dL to 3.34 
Because of its retrospective nature, data on other mark-0.14 g/dL but did not reach statistical significance (P 
ers of chronic inflammatory state such as CRP and fer-0.13). Percent plasma iron saturation did not appreciably
ritin were not available prior to resection of the AVG.differ from baseline (20.5% 4.4% to 19.8 1.9%, P
Nevertheless, the dramatic improvement of hemoglobin0.89). These data are displayed in Figures 2 and 3.
and serum albumin, coupled with improved erythropoie-
tin responsiveness, 3 months following AVG resection,
DISCUSSION implied that occult infection of the AVG was the cause
Old nonfunctioning AVGs frequently harbor clinically of the prevalent anemia and hypoalbuminemia.
silent infection. In a study comprised of 44 patients with In study 2, a different approach was undertaken. Here,
old nonfunctioning AVGs from 2 separate hemodialysis a prospective study was designed to test the hypothesis
units, we detected evidence of occult infection in these that occult infection of old nonfunctional AVG is a com-
AVGs in 21% and 71%, respectively (abstract; Nassar mon cause of chronic inflammatory state. Study 2 was
et al, J Am Soc Nephrol 12:298, 2001). The difference in the first attempt ever to diagnose occult infection of old
these prevalence rates is likely due to small sample sizes. nonfunctioning AVG based on abnormalities of biochemi-
Even with the more conservative estimate of 21% preva- cal and hematologic parameters associated with chronic
lence rate, occult infection of old nonfunctioning AVG inflammatory state. Six out of eight (75%) patients with
old nonfunctioning AVGs and laboratory abnormalitiescontinues to be common among hemodialysis patients.
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Fig. 2. Results from study 2 are displayed.
Resection of old nonfunctioning AVGs with
occult infection was associated with significant
improvement in erythropoietin responsive-
ness and a decline in serum ferritin levels 2
months later. These changes were not associ-
ated with differences in iron saturation.
Fig. 3. Highly significant improvements in CRP
were seen 2 months following AVG resection
in study 2. This was associated with an overall
improvement in serum albumin, which did not
reach statistical significance.
reflective of chronic inflammatory state proved to have in plasma iron saturation as these values did not differ
between baseline and at 2 months of follow-up (Fig. 2).occult infection of old nonfunctioning AVG. Equally
impressive is that occult infection of old nonfunctioning Finally, albumin values improved, but unlike study 1,
this improvement did not reach statistical significance.AVG provided the explanation for the cause of chronic
inflammatory state in 6 of the 20 (30%) patients. Thus, Overall, removal of infected AVG led to improvement
of laboratory markers of chronic inflammation.the first important observation this study makes is that
occult infection of old nonfunctioning AVG is of high A third important observation is that indium scanning
has again demonstrated its value in detecting occultprevalence among hemodialysis patients who exhibit
signs of chronic inflammatory state. AVG infection. We have previously found the indium
scan to exhibit a high degree of sensitivity and specificityThe second major point study 2 demonstrates is the re-
markable improvement of parameters of chronic inflam- for occult AVG infection in old nonfunctioning AVGs.
In study 2, all six AVGs that showed positive uptake bymation following resection of old nonfunctioning AVGs
that harbor occult infection. Serum ferritin and CRP levels indium scan were subsequently demonstrated to have
bacterial infection during surgery and by bacterial cul-fell dramatically following AVG resection (Figs. 2 and 3).
Similarly, erythropoietin requirements decreased mark- tures. This confirms the value of the indium scan in de-
tecting prosthetic vascular infection [1–4, 6] and strength-edly. This improvement was clearly unrelated to changes
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ens our previous conviction that an indium scan is of
particular diagnostic value in detecting occult infection
of old nonfunctioning AVG.
In both study 1 and study 2, the diagnosis of occult
infection of old nonfunctioning AVG was not obvious
on physical exam but was achieved by a deliberate at-
tempt on our part. In clinical practice, the lack of physical
findings of AVG infection allows such infections to es-
cape detection and evolve into potentially malignant
consequences. We have previously documented the oc-
currence of septicemia as one such consequence [1, 2].
The present data reveal yet another set of grave conse-
quences associated with occult infection of old nonfunc-
tioning AVGs, namely the occurrence of a chronic inflam-
matory state. The latter can be very subtle and insidious
in nature. Its causes are extremely varied and include a
whole array of infectious, inflammatory, metabolic, and
neoplastic causes, all of which are common in hemodi-
alysis patients. However, our data show that the cause
of such a chronic inflammatory state in a large percentage
of hemodialysis patients may simply be an occult infec-
Fig. 4. In this algorithm, the epidemiologic impact of our data is high-tion of an old nonfunctioning and forgotten AVG. lighted. Using the USRDS database for the year ending in 1996, the
Obviously, our data has far reaching epidemiologic number of patients on hemodialysis in the United states are identified.
To estimate the number of hemodialysis patients with occult infectionand financial implications. Data from the USRDS for the
of old nonfunctioning AVG, two assumptions obtained from previousyear ending in 1996 show a total of 287,515 patients with data collected were applied (abstract; Nassar, et al, J Am Soc Nephrol
ESRD, of whom 178,259 (62%) are on hemodialysis 12:298, 2001). These assumptions are: (1) the frequency of old nonfunc-
tioning AVG in the hemodialysis population is 35%, and (2) the preva-(Fig. 4) [7]. If our previous data on the prevalence of
lence of occult infection among old nonfunctioning AVGs ranges be-old nonfunctioning AVGs in a group of 750 hemodialysis tween 27% and 71%.
patients is extrapolated to the USRDS numbers, then
62,390 (35%) hemodialysis patients in the United States
are estimated to have at least one old nonfunctioning
AVG in their extremities. Our previous data also show
inflammatory and infectious complications of occult in-that 27–71% of old nonfunctioning AVGs harbor occult
fection of old nonfunctioning AVGs. Based on theseinfection. This translates into an estimated range of
16,845–44,296 hemodialysis patients with occult infection data and their implications, the practice of leaving old
of old nonfunctioning AVG in the United States. These nonfunctioning AVGs in the extremities of patients needs
enormous numbers of patients are at risk of increased to be revisited. Meantime, we advocate a high degree of
morbidity from septicemia as well as chronic inflamma- vigilance in looking for occult AVG infection among
tory state. In turn, this has important financial implica- hemodialysis patients who exhibit signs of chronic in-
tions. For example, the 53% reduction of erythropoietin flammation
requirements seen in study 1 following resection of AVG In conclusion, occult infection of old nonfunctioning
harboring occult infection was associated with a mean AVG is a common cause of erythropoietin resistance and
reduction of the weekly erythropoietin by 7565 units per chronic inflammatory state among hemodialysis patients.
patient. This translates into 393,380 units of erythropoie- Resection of old nonfunctioning AVGs with occult infec-
tin per patient-year. Using the above estimates of the tion is associated with resolution of markers of chronic
prevalence of occult infection of old nonfunctioning inflammatory state. Occult infection of old nonfunction-
AVG, this amounts to 6.6–17.4 billion units of erythro-
ing AVG should be considered in the differential diag-poietin per year in the United States. At present, a con-
nosis of erythropoietin-resistant anemia, hypoalbumi-servative wholesale price of erythropoietin, which varies
nemia, and chronic inflammatory state in hemodialysisdepending on the dose/vial purchased, is no less than
patients. These conclusions are of far reaching epidemio-$US100 per 10,000 units. Thus the impact of occult infec-
logical and financial implications.tion of old nonfunctioning AVGs translates into an esti-
mated financial burden of $US66–174 million annually
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